This paper deals with a proposal for building up a control module to convert the APC M113 into a remotely controlled vehicle. The driving of the vehicle has been simplified and performed through a simple control lever similar to the computer joystick which is able to control the vehicle driving systems; steering and braking system, accelerator pedal, and gear shifting lever. The necessary sensors and actuators have been added to the conventional M113. A microcontroller is used as a control unit; the required interfacing circuits were designed. LABVIEW Software® is used as the interface between the microcontroller and the remote control station. Finally a mathematical model is prepared to simulate the proposed control module and measure its response and stability
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Introduction:
In recent years, there has been a great interest worldwide in the development of Autonomous Ground Vehicle System (AGVS) technologies due to their potential in civil and military applications. [1] The objective of the control system is for the tracked vehicle to safely follow the commanded speed and heading rate (steering angular velocity). A tracked vehicle is a highly complicated non-linear and uncertain system that involves many mechanical systems, such as a diesel engine, gear and transmission, steering differential unit, track/soil interaction and brake systems. [2] There are several attempts have been made to address various issues for the control of tracked vehicles. [3] - [8] . This paper describes a control system to convert the Armor Personnel Carrier (APC) to be remotely controlled. The control system design includes; design and selection of the hydraulic actuators, selection of the necessary sensors that give the required feedback. To check the control system response, a mathematical model is introduced. All details of the proposed control system including design of the actuators, sensors selection, control program flowcharts, LabVIEW interfacing between the vehicle and the remote control station and finally designing the interfacing circuits are presented in [9] 
The tracked vehicle:
The M113 is an American armored personnel carrier; it is powered by a diesel engine of 210 hp, an automatic transmission with three forward speeds and one reverse, and a differential mechanism for steering and braking the vehicle. Steering of the vehicle is achieved by decreasing the speed of one track and increasing the speed of the other (using brakes inside the steer differential unit). The brakes are actuated mechanically and manually by the driver via two hand -command levers. The ranges of gears are selected manually but the gear ratio within the manually selected range varies automatically. The vehicle is equipped with a rear ramp for crew entrance. [10] [15] For manual driving, the accelerator pedal and the left and right steer levers are operated. Pressing / releasing the accelerator pedal increases / decreases the engine power and vehicle speed. Pulling the left / right steer levers steers the vehicle to the left / right. Pulling both the left and right steer levers reduces the vehicle speed.
The control system:
The control system is proposed to take the decisions to operate different actuators that drive the mechanical control linkages; so the driving is automated and simplified. The system is controlled through a control lever which is able to control the vehicle operation directly or through a wireless link from a control station in case of remote control. Figure (1) shows a simple block diagram of the proposed control system. The proposed control system consists of the control systems of steering and braking levers, gear shifting lever, accelerator pedal, actuators, sensors and controller.
Accelerator pedal control system:
The proposed accelerator control system consists of an accelerator pedal, a hydraulic subsystem which actuate the pedal, and a control subsystem which consists of a controller, sensors, and interfacing circuits. Figure ( 2) shows a block diagram of the accelerator pedal control system. The controller is designed to deliver the prescribed actuating signal to the hydraulic subsystem according to the input signal. The hydraulic subsystem actuates the accelerator pedal according to the input signal (the desired speed). The necessary sensors are added to detect the output signal, the measured feedback signal is the engine crankshaft speed that given by a DC tachometer, and the pedal displacement using a linear variable differential transformer (LVDT).
Steering and braking control system:
The proposed steering and braking control system shown in Figure ( 3). The controller is designed to deliver the prescribed actuating signal to the hydraulic subsystem according to the input signal from joystick. The hydraulic subsystem actuates the levers according to the input signal, it actuate one lever (either right or left) in case of steering, and actuate both levers in case of braking. The necessary sensors are added to detect the output signal, the measured feedback signals is the speed of the right and left tracks of vehicle that measured using digital optical encoders which measure the angular velocity of the right and left output shafts and then with mathematical relations the radius of turning of vehicle is measured. The other feedback signal is the indication of brakes if are completely applied or completely released using mechanical limit switches
The most important requirement in modeling a system is the complete understanding of the performance specifications, physical and operational characteristics of each component in the system.
Accelerator pedal control system Modeling:
The considered accelerator pedal control system can be divided into hydraulic subsystem, mechanical subsystem and controller. The hydraulic subsystem consists of a pump that supply oil continuously to the system, a proportional directional control valve that control the oil direction to the hydraulic cylinder that is the actuator connected to the accelerator pedal.
The mechanical subsystem consisting of the accelerator pedal with its mechanical linkages and the engine. As shown here, there are a lot of parameters included in the accelerator pedal control system model. So MATLAB ® SIMULINK was used to model the equations governing the operation of the system. The overall simulink model is shown in Figure ( 4), where most of the accelerator pedal control system components were considered.
Modeling and simulation:
Figure ( 
Hydraulic subsystem mathematical modeling:
The input to the system is the flow rate of fluid supplied by the pump, and the output is the cylinder displacement as shown in Figure (5) .
To simulate the valve, it has been divided into two main parts, the solenoid and the directional valve block. [16] , [17] Displacement of the valve spool:
Flow equations through valve restriction areas: 
Continuity equation applied to the cylinder chambers:
The flow rates of Q A and Q B are given by: 
A y (13) Assuming that the leakage flow rate is linearly proportional to the pressure difference, the leakage flow rates could be given by the following relations: The investigation of the engine operation should be studied under the unsteady -state conditions. The only indication of the unsteady -state conditions is the variation of engine power with one, several or all engine parameters and time, i.e. 
Mechanical subsystem mathematical modeling:
The input of system is the accelerator pedal displacement (that equals to the piston displacement), and the output is the engine rpm. A mathematical model describes the dynamic behavior of engine with regard to all parameters affecting the operation of engine are as follows [18] . The block diagram of engine is shown in Figure (7) . The steady state operation of engine is characterized by the combination of engine power (Ne), engine torque (T), engine r.p.m (n e ), boost pressure (P b ), specific fuel consumption (g e ), air fuel ratio (α) and engine efficiency (η e ).. 
The dynamic properties of engine prime mover are characterized by the following differential equation:
The current values of the parameters of the above equation
Substituting the variables current values into equation , we get:
The reduced mass moment of inertia is calculated by simplifying the engine to a simple slider crank mechanism and a complete kinematic and kinetic analysis should be investigated [19] . The load torque depends on the angular velocity ω and the load setting N (the road slope, type of terrain, etc…..), i.e.
  
This equation is non -linear, but at low Δω, this equation may be linearly approximated using Taylor series expansion, this gives:
In this model, the applied load settings are the coefficient of rolling resistance and the road slope angle, so equation (23) will be
The relationship between the load torque of engine and the angular velocity is given from following equation:
The relationship between the load torque and the load settings can be calculated from the following equation:
Back to equation (21), the engine torque depends on cycle fuel supply (g cyl ) and completeness of fuel combustion. The latter depends on the amount of air supplied into the combustion chamber. Since the cycle fuel supply is determined by the position (h) of the throttle as well as by the angular velocity (ω), and the boost pressure (P b ). But the M113 engine is a normally aspirated engine, i.e. without a turbocharger, so P b = 0, so we have:
The expansion of this equation into a Taylor series gives:
The relationship between engine torque and angular velocity is known from the engine performance characteristics, [13] The relationship between engine power and accelerator position is calculated from the following equation, [4] Since the relationship between engine power and engine torque is known, so using the previous equation, the relationship between engine torque and accelerator displacement can be determined and can be calculated Substituting by equations (24) and (29) 
All the above equations were used in the engine subsystem simulink model as shown in Figure (8) 
Steering and braking control system modeling:

Figure (8): Engine simulink model
The considered steering and braking control system can be divided into hydraulic subsystem, mechanical subsystem and controller. As previous, there are a lot of parameters included in model. So MATLAB ® SIMULINK was used to model the equations governing the operation of the system. The overall simulink model is shown in Figure (9) where most of the accelerator pedal control system components were considered. The hydraulic subsystem is the same as of the accelerator pedal that previously discussed.
Steering differential unit mathematical modeling:
The input of system is the brake levers displacement (that equal to the pistons displacement), and the output is the radius of turning of the vehicle. The steering mechanism (including the steer differential, steering and brake levers, and control linkages) is highly non -linear and uncertain. To achieve the required control system performance, it is important to identify and compensate the non -linearities in the system. However, in practice, precise identifications of these non -linearities are almost impossible [4] , so the following empirical equation can represent the relationship between the brake levers' position and the effective braking effort The above equation gives a relationship between the lever position and the effective braking effort, but the required relationship is between the levers displacement and the radius of turning. So from the steering characteristics [5] , a relationship between lever displacement and radius of turning can be developed: 
Simulation results:
These results include the step response of engine speed and of accelerator displacement. PID controller is added to the control system to eliminate the overshoot, increase rise time and decrease steady -state error as shown in the following figures. 
Steering and braking control system simulation results:
A step input signal is applied to the system, to the required radius of turning which is selected in this case to be 40m as shown in Figure ( As shown in this figure, and from equation (37), it was a constant output radius for about 2.35 sec. this is because of the braking force is zero when the steering lever displacement is less than 30% of its maximum, so the radius of turning is constant. Increasing the lever displacement will brake the inner track and the radius of turning is reduced until it reaches the required value. There was a small overshoot before reaching a steady -state radius (40 m). so a PID controller is used as shown in
The research outlined in this paper has demonstrated the feasibility of modifying a conventional APC M113 to be remotely controlled. This proposal is the first step for converting the APC M113 to be autonomous.
Figure (15):
Step response of a steering model
Figure (16): Effect of PID controller on
Conclusions:
The dynamic models of accelerator pedal and steering and braking control systems are divided into two subsystems; hydraulic and mechanical to facilitate system simulation. The developed engine model can be easily adapted to fit in any tracked vehicle equipped with ICE but with some variations in some parameters.
The response of the model is good and can be compared with practical results as the system will implemented. 
